Abstract-The association of target organ damage with 24-hour systolic and diastolic blood pressure levels and ambulatory hypertension subtypes has not yet been examined in untreated Chinese patients. We measured left ventricular mass index by echocardiography (n=619), the urinary albumin:creatinine ratio (n=1047), and aortic pulse wave velocity by tonometry (n=1013) in 1047 untreated subjects (mean age, 50.6 years; 48.9% women). Normotension was a 24-hour systolic/diastolic blood pressure <130/<80 mm Hg. Hypertension subtypes were isolated diastolic hypertension and mixed systolic plus diastolic hypertension. We assessed associations of interest by multivariable-adjusted linear models. Using normotension as reference, mixed hypertension was associated with higher (P≤0.003) left ventricular mass index (+4.31 g/m 2 ), urinary albumin:creatinine ratio (+1.63 mg/mmol), and pulse wave velocity (+0.76 m/s); and isolated diastolic hypertension was associated with similar left ventricular mass index and pulse wave velocity (P≥0.39), but higher urinary albumin:creatinine ratio (+1.24 mg/mmol; P=0.002). In younger participants (<55 years), the mutually independent effect sizes associated with 1 SD increases in 24-hour systolic/diastolic blood pressure were +3.31/-0.36 g/m 2 (P=0.009/0.79) for left ventricular mass index, +1.15/+1.14 mg/mmol (P=0.02/0.04) for the urinary albumin:creatinine ratio, and +0.54/-0.05 m/s (P<0.001/0.54) for pulse wave velocity. In older participants, these estimates were +3.58/+0.30 g/m 2 (P=0.045/0.88), +1.23/+1.05 mg/mmol (P=0.002/0.54), and +0.76/-0.49 m/s (P<0.001/<0.001), respectively. In conclusion, 24-hour systolic blood pressure and mixed hypertension are major determinants of target organ damage irrespective of age and target organ, whereas 24-hour diastolic blood pressure and isolated diastolic hypertension only relate to the urinary albumin:creatinine ratio below middle 
H ypertension remains the predominant driver of cardiovascular disease. In 2001, hypertension caused 8 million deaths worldwide, representing 14% of global mortality. 1 In the early intervention trials in hypertension, 2, 3 patients were selected based on diastolic blood pressure. However, the Framingham investigators 4, 5 and others 6 showed in studies published as early as 1971 that diastolic blood pressure was the strongest predictor of cardiovascular outcome below age 50 years with a matching increase in the importance of systolic blood pressure at higher age. These epidemiological observations contradicted the long-held view that diastolic blood pressure might be a better predictor of risk because it reflects the resistance the heart must overcome to eject blood. 7 Using blood pressure levels of 140 mm Hg systolic and 90 mm Hg diastolic, current guidelines subdivide hypertension into isolated diastolic, isolated systolic, and diastolic combined with systolic (mixed) hypertension. Studies in Asian cohorts demonstrated that isolated diastolic hypertension confers a cardiovascular risk that is intermediate between the risks associated with normotension and isolated systolic or mixed hypertension, but they were based on office blood pressure. 8, 9 Ambulatory blood pressure monitoring substantially refines risk stratification. 10 To our knowledge, no previous study applied ambulatory monitoring in Chinese patients to examine target organ damage in relation to isolated diastolic or mixed hypertension or examined the age dependency of the association of systolic versus diastolic blood pressure as independent correlates of target organ damage. We addressed these issues in a cross-sectional analysis of 1047 untreated Chinese patients referred for ambulatory blood pressure monitoring to the Hypertension Department of Ruijin Hospital in Shanghai.
Blood Pressure Measurement
We programmed validated oscillometric SpaceLabs 90 217 monitors (SpaceLabs, Redmond, WA) to obtain blood pressure readings at 20-minute intervals during daytime (06:00-22:00) and at 30-minute intervals during nighttime (22:00-06:00). All recordings covered >20 hours and included ≥70% of the programmed readings. The 24-hour, daytime and nighttime blood pressure means were weighted for the time interval between consecutive readings (for the computing formula, see the online-only Data Supplement). Ambulatory hypertension was a 24-hour blood pressure of ≥130 mm Hg systolic or 80 mm Hg diastolic. The thresholds for daytime blood pressure were 135 mm Hg systolic and 85 mm Hg diastolic, and for nighttime 120 and 70 mm Hg, respectively.
On the day of the completion of the 24-hour ambulatory blood pressure monitoring, office blood pressure was measured using the Omron HEM-7051 device (Omron HealthCare, Kyoto, Japan). After the participants had rested in the sitting position for ≥10 minutes, 3 consecutive blood pressure readings were obtained according to the recommendations of the European Society of Hypertension. 10 For analysis, the 3 readings were averaged. Office hypertension was a blood pressure of ≥140 mm Hg systolic or 90 mm Hg diastolic.
Using abovementioned thresholds, white-coat hypertension was defined as a raised office blood pressure in the presence of a normal 24-hour blood pressure. Masked hypertension was an elevated 24-hour ambulatory blood pressure with normal office blood pressure and sustained hypertension a consistently elevated blood pressure on both office and ambulatory measurement.
Assessment of Target Organ Damage
Trained observers (n=2) did the arterial measurements, using a highfidelity SPC-301 micromanometer (Millar Instruments, Houston, TX) interfaced with a laptop computer, running the SphygmoCor software version 7.1 (AtCor Medical, West Ryde, New South Wales, Australia). Aortic pulse wave velocity was measured by sequential ECG-gated recordings of the arterial pressure waveform at the carotid and femoral arteries. Distances from the suprasternal notch to the carotid sampling site (distance A) and from the suprasternal notch to the femoral sampling site (distance B) were measured. Pulse wave travel distance was distance B minus distance A. Pulse transit time was the average of 10 consecutive beats. Pulse wave velocity was the distance in meters divided by the transit time in seconds.
Two experienced observers (T.-Y.X. and F.-H.D.) performed all echocardiograms according to the recommendations of the American Society of Echocardiography, using a Phillips IE33 device (Phillips, Eindhoven, The Netherlands) interfaced with a 2.5-MHz phasedarray probe. For details of the determination of left ventricular mass index, see the online-only Data Supplement.
Venous blood samples, collected after overnight fasting, were analyzed by automated enzymatic methods for serum cholesterol and uric acid and plasma glucose. Diabetes mellitus was a plasma glucose level of ≥7.0 mmol/L or use of antidiabetic drugs. 13 A first-morning urine sample was collected for the measurement of the urinary albumin (in milligram) and creatinine (in millimoles) concentrations.
Other Measurements
Nurses administered a standardized questionnaire to inquire about each participant's medical history, intake of medications, and smoking and drinking habits. They measured body height and waist circumference to the nearest 0.5 cm. Participants wore light indoor clothing without shoes for body weight measurement. Body mass index was weight in kilograms divided by the height in meters squared.
Statistical Analysis
For database management and statistical analysis, we used the Statistical Analysis System (SAS), version 9.3 (SAS Institute, Cary, NC). Departure from normality was evaluated by Shapiro-Wilk statistic. We normalized the distribution of the urinary albumin:creatinine ratio by a logarithmic transformation. For comparison of means and proportions, we applied the analysis of variance and the χ 2 -statistic, respectively. We determined differences in target organ damage between normotension, isolated diastolic hypertension, and mixed hypertension from generalized linear models as implemented in the PROC GLM procedure in the SAS software package. As covariables, we considered sex, age, body mass index, 24-hour heart rate, plasma glucose, serum cholesterol, and smoking and drinking. After stratification for age (<55 versus ≥55 years), we applied multiple linear regression to determine the effect sizes of target organ damage associated with 1-SD increase in ambulatory systolic and diastolic blood pressure levels. We compared effect sizes between subgroups, using the appropriate interaction terms. We computed the variance inflation factor to assess to what extent parameter estimates for systolic and diastolic blood pressure levels were affected by collinearity in regression models including both blood pressure components.
Results

Baseline Characteristics
The primary reason for referral to 24-hour ambulatory blood pressure monitoring was diagnosis of blood pressure status in 968 (92.4%) never-treated participants or confirmation of the indication for antihypertensive drug treatment in 79 (7.6%) previously treated patients after ≥2 weeks of discontinuation of blood pressure-lowering agents. The median number of readings averaged to estimate the 24-hour blood pressure was 60 (5th-95th percentile interval, 48-64; range, 45-67). Of the 1047 participants, 412 (39.4%), 283 (27.0%), and 352 (33.6%) participants were normotensive or had isolated diastolic hypertension or mixed hypertension on 24-hour ambulatory measurement, respectively. The study population included 512 women (48.9%) and 310 (29.6%) patients with office hypertension. Age averaged (±SD) 50.6±10.4 years. Among women, the prevalence of smoking and drinking was 0.6% and 6.6%, and among men 36.6% and 35.7%, respectively. Table 1 shows the baseline characteristics of the participants by categories of the 24-hour ambulatory blood pressure. Patients with ambulatory hypertension were more likely to be male, to smoke, and to drink alcohol, and had higher body mass index, waist circumference, and serum uric acid (P≤0.012 for all). Among participants with 24-hour ambulatory normotension, 88.6% of participants were also normotensive on office measurement, and 11.4% of participants had white-coat hypertension. Among patients with 24-hour isolated diastolic hypertension, the prevalence of masked and sustained diastolic hypertension was 77.0% and 23.0%,
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respectively. Among patients with 24-hour systolic and diastolic hypertension, the prevalence of masked and sustained hypertension was 43.8% and 56.2%, respectively.
Target Organ Damage by Categories of Ambulatory Hypertension
In multivariable-adjusted analyses (Table 2) , patients with mixed hypertension had higher (P≤0.009) left ventricular mass index, urinary albumin:creatinine ratio, and pulse wave velocity than normotensive individuals. As shown in the Figure, the increases amounted to +4.31 g/m 2 , +1.63 mg/mmol, and +0.76 m/s, respectively. Patients with isolated diastolic hypertension compared with normotensive subjects had similar left ventricular mass index and pulse wave velocity (P≥0.39), but higher (P=0.002) urinary albumin:creatinine ratio. The differences with the normotensive group were +0.15 g/m 2 , +1.24 mg/mmol, and +0.09 m/s (Figure) . Trends in women and men were similar (P≥0.15 for interaction; Table 2 ). Sensitivity analyses from which we excluded previously treated patients (Table S1 in the online-only Data Supplement) or based on daytime (Table S2) or nighttime (Table S3) blood pressure were confirmatory.
Effect Sizes Associated With Ambulatory Systolic and Diastolic Blood Pressures
In line with previous publications based on the conventionally measured blood pressure, 4-6 we stratified our multivariable-adjusted analyses of 24-hour systolic and diastolic blood pressure levels as continuous risk indicators by age (<55 versus ≥55 years). In younger participants (Table 3) , a 1-SD increase in the 24-hour diastolic blood pressure was significantly associated with higher albumin:creatinine ratio (+1.14 mg/mmol; P=0.04) in fully adjusted models. Independent of diastolic blood pressure, a 1-SD increase in the 24-hour systolic blood pressure was associated with higher left ventricular mass index (+3.31 g/m 2 ; P=0.009), higher pulse wave velocity (+0.54 m/s; P<0.001), and an increased albumin:creatinine ratio (+1.15 mg/mmol; P=0.02).
In older participants (Table 3) , the 24-hour diastolic blood pressure was not positively associated with any measure of target organ damage independent of systolic blood pressure (P≥0.54) and was negatively associated with pulse wave velocity (-0.49 m/s; P<0.001); in fully adjusted models, a 1-SD increase in the 24-hour systolic blood pressure was associated with higher left ventricular mass index (+3.58 g/m 2 ; P=0.045), higher albumin:creatinine ratio (+1.23 mg/mmol; P=0.002), and higher pulse wave velocity (+0.76 m/s; P<0.001). In all fully adjusted models, the variance inflation factors for systolic and diastolic blood pressure levels did not exceed 4.24. The age-by-blood pressure interaction terms were nonsignificant for 24-hour systolic (P≥0.12) and diastolic (P≥0.47) blood pressure levels except for 24-hour diastolic blood pressure in relation to pulse wave velocity (P=0.01). Hypertension was a 24-h ambulatory blood pressure of ≥130 mm Hg systolic or 80 mm Hg diastolic. All differences with the normotensive group were significant (P≤0.012) with the exception of plasma glucose (P≥0.083), serum cholesterol (P≥0.19), the prevalence of diabetes mellitus (P≥0.38) and number of subjects never treated for hypertension (P≥0.30). To convert cholesterol, glucose and uric acid from mmol/L to mg/dL, multiply by 38.6, 18.0, and 0.0168, respectively. BPM indicates beats per minute. by guest on December 25, 2017 http://hyper.ahajournals.org/
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Discussion
We studied the associations of 24-hour systolic and diastolic blood pressure levels and distinct types of ambulatory hypertension with intermediate signs of target organ damage in referred subjects, of whom all were untreated for ≥2 weeks, and ≈90% of the subjects had never been treated. The key findings were that left ventricular mass index, the urinary albumin:creatinine ratio, and aortic pulse wave velocity increased with 24-hour systolic blood pressure, irrespective of age group and independent of diastolic blood pressure. The albumin:creatinine ratio increased with the 24-hour diastolic blood pressure, independent of systolic blood pressure, but only in younger participants. Furthermore, in categorical analyses and compared with normotension, all studied indices indicated more severe target organ damage in patients with systolic combined with diastolic hypertension, whereas isolated diastolic hypertension was only associated with a higher albumin:creatinine ratio.
Two subject-level meta-analyses 14, 15 addressed the association between cardiovascular mortality and systolic versus diastolic blood pressure in people with no previous vascular disease at enrolment. The Prospective Studies Collaboration 14 reported that among 1 million people there was a log-linear relation between the risk of vascular death and blood pressure down to levels as low as 115 mm Hg systolic and 75 mm Hg diastolic. This association was consistent throughout decades (ACR; B) , and pulse wave velocity (PWV; C) between normotensive (NT) subjects and patients with isolated diastolic hypertension (IDH) or mixed systolic and diastolic hypertension (SDH). The dotted lines indicate zero difference with the reference group. Differences are means adjusted for sex, age, body mass index, 24-hour heart rate, plasma glucose, serum cholesterol, and smoking and drinking. Vertical bars indicate the 95% confidence interval. The number of participants contributing to each statistical estimate is given. Because ACR was analyzed on a logarithmic scale, ∆ACR is the ratio of the hypertensive versus the normotensive group. Values are mean±SD or geometric mean (5th-95th percentile interval). Reported values are standardized to the mean distribution in all participants of sex (if applicable), age, body mass index, 24-h heart rate, plasma glucose, serum cholesterol, and smoking and drinking. Hypertension was a 24-h ambulatory blood pressure of ≥130 mm Hg systolic or 80 mm Hg diastolic. n indicates the number of participants with measurements available in each subgroup.
Significance of the differences with normotension: *P≤0.05, †P≤0.001, and ‡P≤0.01. . The informativeness of systolic and diastolic blood pressure levels for the prediction of stroke was similar (89% versus 83%), although systolic blood pressure was superior to diastolic blood pressure for the prediction of ischemic heart disease (93% versus 73%). 14 The Asia Pacific Cohort Studies Collaboration 15 also reported a log-linear relation between cardiovascular mortality and blood pressure. The strength of the associations of mortality from stroke and ischemic heart disease with systolic and diastolic blood pressure was similar. 14 In a more recent publication, 9 the Asia Pacific Cohort Studies Collaboration reported that the multivariable-adjusted hazard ratios of cardiovascular mortality associated with isolated diastolic hypertension and combined hypertension in comparison with normotension were 1.81 (95% confidence interval, 1.61-2.04) and 3.42 (3.17-3.70), respectively (P<0.001 for the difference). The Framingham investigators 4, 5 were the first to consider age as a modulator of the risk associated with systolic and diastolic blood pressure levels. In 2001, Franklin et al 5 demonstrated that with increasing age, there was a gradual shift from diastolic to systolic blood pressure and then to pulse pressure as predictors of coronary heart disease. In subjects <50 years, diastolic blood pressure was the strongest predictor. Age 50 to 59 years was a transition period when all 3 blood pressure indexes were comparable predictors, and from 60 years of age onward, diastolic blood pressure was negatively related to the risk of coronary heart disease so that pulse pressure became superior to systolic blood pressure. 5 Bliziotis et al 16 did a meta-analysis of summary statistics from 14 studies (n=2485) assessing echocardiographic left ventricular mass index in relation to systolic/diastolic blood pressure. The pooled correlation coefficients were 0.23/0.19, 0.37/0.26, and 0.46/0.28 for office, 24-hour ambulatory, and home blood pressure levels. The difference between the systolic and diastolic correlation coefficients was significant (P<0.001) for home blood pressure but was not reported for office and 24-hour ambulatory blood pressure levels. 16 Cui et al 17 did a retrospective survey and collected data from computerized medical files of 17 682 patients with essential hypertension, ≥ 60 years old, and hospitalized in Beijing from January of 1993 to December of 2008. Target organ damage in this Chinese study was cerebrovascular disease, coronary heart disease, chronic kidney disease, or aortic dissection. Patients with target organ damage had higher systolic blood pressure, whereas there was no significant difference in diastolic blood pressure. In multivariable-adjusted logistic regression, cerebrovascular disease (odds ratio, 1.18), coronary heart disease (2.41), chronic kidney disease (1.36), or aortic dissection (2.18) showed significant association with systolic blood pressure, whereas the corresponding associations with diastolic blood pressure were nonsignificant. 17 Few publications addressed the association between the urinary albumin:creatinine ratio and blood pressure components or hypertension subtypes. Lin et al 18 recruited subjects with normal blood pressure (n=41), isolated diastolic hypertension (n=52), or combined systolic and diastolic hypertension (n=31) on 24-hour ambulatory measurement. The prevalence of proteinuria (≥100 mg/dL) was increased from normotension to isolated diastolic hypertension onto combined hypertension (4.9% versus 13.5% versus 19.4%). Drawbacks of this Chinese study were that the thresholds of the 24-hour blood pressure (≥140/≥90 mm Hg) were higher than currently recommended, and that the measurement of proteinuria by dipstick was semiquantitative. In 1994, Redon et al 19 reported on 95 never-treated patients with essential hypertension, who had 24-hour microalbuminuria measured twice on separate days. Microalbuminuria (30-300 mg) occurred in 26% of patients and, as in our study, was independently associated with higher diastolic blood Regression coefficients±SE or (95% confidence interval) express the risk associated with a 1-SD increase in 24-h systolic (12.1 mm Hg) or diastolic (9.3 mm Hg) blood pressure levels. All models were adjusted for sex, age, body mass index, 24-h heart rate, plasma glucose, serum cholesterol, and smoking and drinking. Adjusted models (A) include either systolic or diastolic blood pressure, whereas fully adjusted models (FA) include both systolic and diastolic blood pressure levels in addition to the aforementioned covariables. No. indicates the number of participants contributing to the estimates.
Significance of the regression coefficients: *P≤0.001, †P≤0.05, and ‡P≤0.01.
by guest on December 25, 2017 http://hyper.ahajournals.org/ Downloaded from pressure (odds ratio per 5 mm Hg, 1.09; P=0.02). 19 In a subsequent study, Redon et al 20 followed 187 patients with essential hypertension at annual intervals for 2.7 years. Initially, all patients were normo-albuminuric and had never been treated for hypertension. Treatment was started after enrollment. With adjustments applied for sex, age, and treatment status, the slope of microalbuminuria over time was associated with the corresponding slope in blood pressure with no difference between systolic and diastolic blood pressure levels. 20 With adjustments for the baseline value of microalbuminuria and covariables, the annual increase in systolic blood pressure was associated with higher risk for incident microalbuminuria (hazard ratio for each mm Hg per year increase, 1.11; P<0.01). 20 Aortic pulse wave velocity is the standard measure to quantify arterial stiffness. 21 The association between pulse wave velocity and systolic blood pressure across the age range is not unexpected. Indeed, higher systolic blood pressure initiates a vicious circle because it is both the cause and consequence of arterial stiffening. 22, 23 Previous studies in patients with hypertension 23, 24 reported that blood pressure as a continuous variable, 24 or hypertension on conventional 23, 24 or ambulatory 24 measurement predicted thickening of the carotid intima media 24 or an increase in aortic pulse wave velocity. 23 Diastolic blood pressure reflects the resistance the heart must overcome to eject blood. 7 Increase in diastolic blood pressure therefore reflects peripheral arterial resistance, which in turn might move reflection sites of the forward blood pressure wave to more proximal locations, so that the reflected waves return faster, thereby augmenting central systolic blood pressure. 25 The current study must be interpreted within the context of its potential limitations and strengths. First, the number of patients with isolated systolic hypertension was too small to allow a meaningful analysis. Therefore, we had to exclude them from analysis. Second, our participants were not representative for a general Chinese population, and our results cannot be extrapolated to other ethnicities. On the contrary, to the best of our knowledge, our current study is the first to report on the association of intermediate signs of target organ damage with systolic and diastolic blood pressure levels and isolated diastolic blood pressure in untreated Chinese, and it extends the findings of previous studies performed in white Europeans or Americans. We assessed blood pressure by 24-hour ambulatory monitoring, which according to current guidelines is state of the art. 10 We did not run analyses based on office blood pressure because 24-hour ambulatory blood pressure substantially refines risk stratification over and beyond office blood pressure 26 and because the prevalence of office hypertension in this cohort was only 29.6%. We checked our fully adjusted models for collinearity. There are no formal criteria for deciding whether the variance inflation factor is large enough to affect the predicted values. According to statistical experts, 27 variance inflation values >10 indicate collinearity among the predictor variables that warrants corrective action. In all our models, the variance inflation factor between systolic and diastolic blood pressure levels did not exceed 4.24. Finally, the present study had a cross-sectional design and assessed only intermediate signs of target organ damage. Our current findings can therefore not be extrapolated to the incidence of hard cardiovascular or renal end points.
Perspectives
From a clinical point of view, our current study highlights the necessity to treat both systolic and diastolic hypertension to target in particular at younger age when the prevalence of isolated diastolic hypertension and combined hypertension is higher than in the elderly, among whom isolated systolic hypertension is more prevalent. 22 According to statistics generated by the International Collaborative Study of Cardiovascular Disease in Asia performed in 2000 to 2001, 28 27 .2% of the Chinese adult population aged 35 to 74 years, representing 129 824 000 patients, had hypertension on conventional blood pressure measurement (≥140/≥90 mm Hg). Among patients with hypertension, only 44.7% of patients were aware of their high blood pressure, 28.2% were taking antihypertensive medication, and 8.1% of patients achieved blood pressure control (<140/<90 mm Hg). These results 28 along with our current findings underscore the need to develop strategies not only in China 28 but worldwide 29 to improve prevention, detection, and treatment of hypertension, including isolated diastolic hypertension.
